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Introduction

[

» Microtubules (MTs) are cytoskeletal protein Vesicle as cargo J

filaments that provide mechanical support for - |
the cell, and serve as “tracks” for motor 3 Kinesi |
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proteins to transport organelles o { o 4 3 ey S & o o S L 4 d
Rush MN, 2015, Acta Biomaterialia, 28: 76-85. *
. _ . - SAMs with different functional Cells cultured on Silicification of cells Gliding motility assay- kinesin
» Kinesin is a microtubule-based motor prOteln SRR . groups are used to alter substrates motors adhere to the silicified
that “walks” along MTs by dissipating ¥ ~ :._?.?__ morphology of fibroblast cells surface and translate MT filaments
e

through ATP hydrolysis

# #

chemical energy, with a force of ~ 40pN nm
and efficiency of ~ 50%®*

52574 Microtubule ;-f( £
| > Self-assembled monolayers (SAMs) on gold coated glass
with chromium adhesion layer is used to alter mammalian

» Kinesin-MT transport system has been used In

many nanotechnological applications cell morphology “Te - T d
including biosensing?, cargo transportation? e eer g N .
g Ing, carg P A ’ > Cells are preserved through silicification process, and used . 7 .
and assembly of ring nanocomposites . L ¥
as 3D nanostructures to explore the behavior of kinesin-MT J o R
> MT guiding using Iithographica"y SYStem by implementing the gliding mOtiIity assay E . “ LI&“{'E,{ E ) M"":h
nanostructured surfaces hinder MT g o g e
motility and lead to MT loss® Effect of SAMs and cell confluency on morphology and MTs . . e
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Exploring alternative nanostructures is essential for reliable MT guiding 40 1 . , . 1 80 — — —
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Cell patterning and preservation

» MT gliding trajectories were evaluated using carboxyl (COOH)

> Self-assembled monolayers N terminated SAMs and low cell count (50k cells/cm?)

(SAMs) previously used to
modulate cell adhesion and I,' :'I 0, i
spreading, allowing for size and L1 l/—:» ! /—; : /

— , » MT trajectories were linear on silicified cells (a,c), while curved
S Flat and spread out Spherical and rough Elongated Normal/heterogeneous traiectori b d ilicified SAM rf b.d
shape control of cell patterns Functionalized Protein p— = on surface (aggregate) rAJeCIoTIes WEre ORSETved on STICHe s surface (b,d)
alkanethiol SAM adsorption proliferation, 1 e
Limitation: environmental o differentiaton > Gliding velocity remained constant with an average of 1 um/s,

conditions render cells unstable independent of surface

for long-term applications

CONCLUSIONS

50k cells/cm? Mmorphology

» We established a unique “bottom-up approach” by combining well-
established techniques to generate preserved, 3D biocompatible
structures dictated by SAMs and cell confluency

,_ 550°C,3hr gy

> Preservation of cellular ® omn @ "wcicn b

architecture through silicification _ iuredceis —  fixedcells . celysilica . silica
process

IOOk cgzlls/cm2

» Preliminary experiments show promising results of surface

» Preserve user-defined 3D topographies influencing MT translocation

features » NH3* SAMs hindered MT motility at high and low cell density

» Future experiments will provide insight into the development of

> Provides simple alternative to applications involving Kinesin-MT transport on complex

» CH3 SAMs resulted in cells with poor adhesion to surface,

specimen preparation and where edge height prevented MTs from climbing (MTs got nanostructures
preservation (no expertise or stuck on cell surface or changed direction) :
T . References:
specialized equipment needed) 1] Liu et al.,(2008). Adv. Mater. 20, 4476-4481
» COO- SAMs resulted in smooth gliding of MTs, however, MTs 2] Fischer et al., ((2009)5 Nat. %anotechno/- 4, 162-166
. . . 3] Brunner et al., (2007). Lab Chip, 7, 1263-1271
» Tolerate extreme environments aggregated at edge of cells at high cell density 4] Lam et al., (2014). Soft Matter, 10, 8731-8736
5] Korten et al., (2016). IEEE Trans. Nanobioscience, 15, 62-69

This work was performed, in part, at the Center for Integrated Nanotechnologies, an Office of Science User Facility operated for the U.S. Department of Energy (DOE) Office of Science
This work was supported by the U.S. Department of Energy, Office of Basic Energy Sciences, Division of Materials Sciences and Engineering (BES-MSE)

Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA-0003525




